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Abstract

To design, develop and optimise Micro Air Vehicles (MAVs) the understanding of insect aerody-
namics is very important. The performance of insect flight, in terms of energy consumption, is
closely related to the aerodynamic forces generated by the flapping wings2;3 at these low Reynolds
numbers. Different specific flapping patterns have a large influence on the aerodynamic perfor-
mance and forces1. Additionally, the aerodynamic forces and inertial forces (due to the wing
motion) are influenced by the body dynamics and wing flexibility (FSI).

A short overview is presented about the influence of different wing kinematic models on the aero-
dynamic performance of a hovering insect1 by means of two-dimensional time-dependent Navier-
Stokes simulations, using the Fluent CFD solver. For this, simplified models are compared with
more realistic representations of the hovering fruit fly wing kinematics. With increasing complex-
ity, a harmonic model, a Robofly model and two more realistic fruit fly models are considered, all
scaled at Re=110.

The simulation results reveal that the simplified wing kinematics result in forces that differ signif-
icantly from those resulting from the actual fruit fly wing kinematic models, figure 2. In addition,
the flow simulation results shed light on the effect of different characteristic features of the insect
wing motion. Although this 2D study neglects any 3D flow effects4, it provides insight into the
importance of kinematic features in flapping wing aerodynamics at low Reynolds numbers. Three-
dimensional studies need to be performed to further investigate to what extent the present results
are important for our understanding of insect flight. To achieve this, a numerical model is devel-
oped which is capable of solving the flow around a wing which moves according to 3 translational
and 3 rotational directions, figure 3. This model is developed using OpenFOAM5 for its advanced
3D mesh deformation algorithms and the ability to implement Fluid-Structure-Interaction and to
include body dynamics as well.

Besides 3D effects, the extension to the forward flight regime is being investigated. Additional
interesting aspects which are currently under development are wing flexibility (FSI) and the effects
of secundary flow effects due to body dynamics coupling. Emphasis is put on efficiency, accuracy
and general applicability such that tools for Micro Aerial Vehicle (MAV) design may be developed.
We think that OpenFOAM is very suitable for this kind of code design.
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Figure 1: Vorticity contours of two-dimensional hovering fruit fly wings with different kinematics, solved

using Fluent 6.1. Left: harmonic model, right: realistic fruit fly model. The wing orientation during

realistic fruit fly motion leads to a decrease in average drag at equal lift, compared to the harmonic model.
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Figure 2: Force vectors during each halfstroke. Left: harmonic model, right: realistic fruit fly model.

Figure 3: Vorticity contours of three-dimensional forward flying model insect, solved using OpenFOAM.

Left: end of downstroke, right: end of upstroke.
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